Arsenic trioxide-induced apoptosis in U937 cells involve generation of reactive oxygen species and inhibition of Akt.
Arsenic trioxide has recently been shown to inhibit growth and induce apoptosis in acute promyelocytic leukemia (APL), but little is known about the molecular mechanisms mediating these effects. In the present study, we determined the molecular pathways that lead to apoptosis after treatment of cells with arsenic trioxide. Arsenic trioxide treatment of U937 cells leads to apoptosis, which is accompanied by activation of caspase 3 (as measured by decreased levels of the 32 kDa inactive form and increased proteolytic cleavage of PLC-gamma1). The broad-range caspase inhibitor z-VAD-fmk inhibits this induction of apoptosis, supporting a direct link between caspase activation and arsenic trioxide induction of apoptosis. This activation of apoptosis is accompanied by release of cytochrome c, down-regulation of cIAP1, and inactivation of Akt. Bcl-2 overexpression attenuates arsenic trioxide-induced apoptosis in U937 cells by inhibition of caspase 3 activity, but not inhibition of Akt. In addition, arsenic trioxide-induced apoptosis was caused by the generation of reactive oxygen species, which was prevented by antioxidant NAC (N-acetyl-cysteine). Co-treatment with NAC markedly prevented dephosphorylation of Akt, activation of caspase 3, and down-regulation of cIAP1. These data indicate that arsenic trioxide can cause cell damage by inactivating the Akt-related cell survival pathway and generating the reactive oxygen species, providing a new mechanism for arsenic trioxide-induced apoptosis.